Modeling and simulation of strain-induced phase transformations under compression and torsion in a rotational diamond anvil cell by Levitas, Valery I. & Zarechnyy, Oleg M.
Supplementary Material
Modeling and simulation of strain-induced phase transformations
under compression and torsion in rotational diamond anvil cell
Valery I. Levitas1† and Oleg M. Zarechnyy2
1Iowa State University, Departments of Mechanical Engineering, Aerospace Engineering, and
Material Science and Engineering, Ames, Iowa 50011, USA
2Iowa State University, Department of Aerospace Engineering, Ames, Iowa 50011, USA
† e-mail: vlevitas@iastate.edu
1
 
+1.000
 
+0.818
 
+0.636
 
+0.455
 
+0.274
 
+0.093
+0.000
-1.000
zrτ
+1.000 
 
+0.818 
 
+0.636 
 
+0.455 
 
+0.274 
 
+0.093 
+0.000 
-1.000 
rϕτ
(b) 6
5
4
3
2
1rrσ
(a) 6
5
4
3
2
1zzσ
+11.063 
 
+8.863 
 
+6.656 
 
+4.458 
 
+2.256 
 
+0.055 
 
-2.147 
+10.056
 
+8.113 
 
+6.163 
 
+4.216 
 
+2.268 
 
+0.321 
 
-1.626 
zzσ  rrσ
6 
5
4
3 
2 
1 zrτ
(c)
6 
5
4
3 
2 
1 zϕτ
(d)
FIG. S1. Distributions of normal stress σzz (a), normal stress σrr (b), shear stress τzr (c), and shear stress
τrϕ (d) for the case with σ2y = σ1y for dimensionless applied axial force F = 4.44 and different values of
angle of rotation ϕ. 1: ϕ = 0.04 , 2: ϕ = 0.14 , 3: ϕ = 0.34 , 4: ϕ = 0.78 , 5: ϕ = 1.16 , 6: ϕ = 1.58.
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FIG. S2. Distributions of normal stress σzz (a), normal stress σrr (b), shear stress τzr (c), and shear stress
τrϕ (d) in a quarter of cross section of the sample for the case with σ2y = 5σ1y for dimensionless applied
axial force F = 4.44 and different values of angle of rotation ϕ in a quarter of cross section of the sample.
1: ϕ = 0.09 , 2: ϕ = 0.38 , 3: ϕ = 0.61 , 4: ϕ = 0.94 , 5: ϕ = 1.10 , 6: ϕ = 1.30.
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FIG. S3. Distributions of normal stress σzz (a), normal stress σrr (b), shear stress τzr (c), and shear stress
τrϕ (d) in a quarter of cross section of the sample for the case with σ2y = 0.2σ1y for dimensionless applied
axial force F = 4.44 (except 1) and different values of angle of rotation. 1 : F = 4.30, ϕ = 0.0, 2: ϕ = 0.09,
3: ϕ = 0.20, 4: ϕ = 0.64, 5: ϕ = 0.84, 6: ϕ = 1.40.
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FIG. S4. Distributions normal stress σzz (a) and normal stress σrr (b) along the radius of the contact
surface of a sample r for the case with σ2y = σ1y for dimensionless applied axial force F = 4.44 and
different values of angle of rotation ϕ. 1: ϕ = 0.04 , 2: ϕ = 0.14 , 3: ϕ = 0.34 , 4: ϕ = 0.78 , 5: ϕ = 1.16 ,
6: ϕ = 1.58.
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FIG. S5. Distributions normal stress σzz (a) and normal stress σrr (b) along the radius of the contact
surface of a sample r for the case with σ2y = 5σ1y for dimensionless applied axial force F = 4.44 and
different values of angle of rotation ϕ. 1: ϕ = 0.09 , 2: ϕ = 0.38 , 3: ϕ = 0.61 , 4: ϕ = 0.94 , 5: ϕ = 1.10 ,
6: ϕ = 1.30.
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FIG. S6. Distributions normal stress σzz (a) and normal stress σrr (b) along the radius of the contact
surface of a sample r for the case with σ2y = 0.2σ1y for dimensionless applied axial force F = 4.44 and
different values of angle of rotation ϕ. 1 : F = 4.30, ϕ = 0.0, 2: ϕ = 0.09, 3: ϕ = 0.20, 4: ϕ = 0.64, 5:
ϕ = 0.84, 6: ϕ = 1.40.
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FIG. S7. Comparison of shear stress τzr for
compression (1, 3, 5) and torsion (2, 4, 6) for
(a) σy2 = σy1, the pressure at the contact sur-
face at r = 0 after pure compression and tor-
sion is the same and equal to 8.40 (1 and 2),
9.40 (3 and 4), and 10.2 (5 and 6). Dimen-
sionless applied axial force F is 4.46 (1), 5.04
(3), 5.43 (5), and 4.44 (2, 4, 6). Rotation an-
gle ϕ is 0.04 (2), 0.60 (4), and 1.57 (6).
(b) σy2 = 0.2σy1, the pressure at the contact
surface at r = 0 after pure compression and
torsion is the same and equal to 7.95 (1 and
2), 8.10 (3 and 4), and 8.80 (5 and 6). Di-
mensionless applied axial force F is equal to
5.07 (1), 5.42 (3), 6.11 (5), and 4.44 (2, 4, 6).
Rotation angle ϕ is equal to 0.20 (2), 0.32 (4),
and 0.64 (6).
(c) σy2 = 5σy1, the pressure at the contact
surface at r = 0 after pure compression and
torsion is the same and equal to 12.4 (1 and
2), 16.2 (3 and 4), and 20.1 (5 and 6). Di-
mensionless applied axial force F is equal to
5.47 (1), 6.26 (3), 7.21 (5), and 4.44 (2, 4, 6).
Rotation angle ϕ is equal to 0.20 (2), 0.52 (4),
and 1.11 (6).
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FIG. S8. Pressure distribution in KCL in the whole sample (left) and in the area of phase interface(right).
◦ line corresponds to the pure compression, • line corresponds to the compression with torsion. Arrows
show phase interface (adopted from 7).
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FIG. S9. Pressure distribution in ZnSe sam-
ple before torsion (dashed line) and after tor-
sion by 11o. Arrows show position of the
phase interface (adopted from 10).
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